Background: Despiteits recommendation in management guide lines for community-acquired pneumonia (CAP), the CURB65-score is frequently not followed for disposition decisions in clinical routine. We therefore proposed an improved CURB65-A-score, supplemented by proadre nome dull in (ProADM) levels for patients with CAP and other lower respiratory tract infections (LRTIs). In this study, we vali dated this risk-based biomarker-enhanced disposition in patients with LRTIs presenting to the emergency department of the University Hospital of Basel. Methods: In this prospective observational cohort study of 85 patients presenting with LRTIs, site of care was decided by the physicians in charge according to their judgement. Retro spectively the CURB65-A-score was calculated and a virtual disposition assigned. This was compared with the existing disposition in order to identify efficacy of the novel risk-based biomarker-enhanced disposition. Results: The novel disposition criteria considered 14 patients suitable for outpatient treatment compared to 11 in the current disposition (p = 0.5). It detected 7 patients to be best treated outside the hospital for nursing reasons, while the current disposition detected only 1 patient requiring geriatric care (p = 0.09). Further, it decreased regular hospitalizations considerably (32 vs. 64, p < 0.001). Conclusion: The novel risk-based biomarker-enhanced disposition is an objective, safe and probably more efficient disposition system to identify outpatient treatment options than the current practice at the University Hospital of Basel.
Introduction
Lower respiratory tract infections (LRTIs), in particular community-acquired pneumonia (CAP), are potentially serious and highly prevalent infectious diseases with a high economic and social burden [1] . CAP is the main cause for death from infectious diseases in the developed world [2] . In the period from 1993 to 2005 the age-and gender-adjusted mortality in CAP decreased from 8.9% to 4.1% (p < 0.001), although comorbidities increased. This reduction of in-hospital mortality of inpatients with CAP indicates that pneumonia is a successful example for improved treatment [3] . Still, treatment of CAP creates overwhelming costs. Mostly they are generated in the hospital setting, since the average costs for inpatient treatment of CAP are 8 to 20 times higher than for outpatient treatment [4] . This observation and the fact that Swiss hospitals regularly operate at or beyond maximal bed capacity make improved disposition pathways a research priority, in order to find effective ways for safe outpatient management. The largest contribution to high costs in the treatment of LRTIs is the initial visit on the emergency department that includes diagnostic tests, and the subsequent hospitalization, which by itself accounts for 63% of overall costs [5] . Concerning the patients it is crucial to realize thata prolonged hospitalization has a direct negative influence on their health status. First, there is a high risk of induction or deterioration of frailty [6] . Second, the length of stay (LOS) is a substantial risk factor for nosocomial complications and infections [6] . Also, previous hospitalization is an independent risk fac-tor for suffering from a CAP. Therefore, disposition tools should both prevent unnecessary hospitalizations and reduce LOS [7] .
The two most commonly used scoring systems in CAP are the pneumonia severity index (PSI) [8] and the CURB65-score [9] . Low scores suggest the possibility of outpatient treatment based on a very low mortality prediction. Both do not take the host response into account and are limited by moderate sensitivity and specificity for adverse events. One of the limitations of the PSI in particular is its complex 2-stage 20-item design [10] . The CURB65-score has been shown to have a poor sensitivity for adverse outcomes in young and previously healthy patients [11] .
To improve the validity of risk-scores, several prognostic biomarkers have been identified that correlate with the severity of LRTIs, such as ProADM, cortisol, urea and Pro-Endothelin-1 (Pro-ET1) [12] . Cortisol for example is as good in predicting severity and outcome of CAP as the PSI [13] . Similar results are obtained by measuring Pro-ET1, which correlates with the severity of CAP and is an independent predictor for ICU admission and mortality [12] . However, neither cortisol nor pro-ET1 provides an additional improvement of clinical scores.
ProADM is a precursor peptide of the endogenous vasoactive hormone adrenomedullin (ADM). ProADM is used for measurement of adrenomedullin levels, since adrenomedullin is hard to measure in blood plasma and the more stable ProADM is secreted equimolarly to ADM [14] . Adrenomedullin is a potent vasodilatator, has a natriuretic effect, and is elevated in congestive heart failure patients [15] . It may even be part of a novel hormonal system controlling circulation [16, 17] . The name of this peptide derives from its discoveryin pheochromocytoma tissue emerging from adrenal medulla, where it is also present abundantly. Adrenomedullin has immunomodulatory and bactericidal properties, which may enable it to be a future prognostic biomarker for determining the severity of LRTIs [18] . Therefore, this study shows great interest in ProADM as a diagnostic and prognostic factor.
Based on the finding that ProADMhas shown to increase the prognostic accuracy of clinical scores for mortality and severe adverse events in LRTI [19] [20] [21] , we identified two optimal ProADM cut-off values (0.75 nmol/l and 1.5 nmol/l) to separate patients into low-risk and high-risk groups. We then combined the CURB65 classes with the ProADM cut-offs to a new risk score termed CURB65-A-score.The new score provided a higher accuracy for adverse events and mortality than the usual CURB65-score [21] . The CURB65-A-score was generated as following: CURB65-A class I was defined as a CURB65-score of 0 to 1 points and a ProADM ≤ 0.75 nmol/l (Figure 1) . It represents the low-risk category and is considered adequate for outpatient treatment. CURB65-A class III results whenever the CURB65-score is of 3 or more points, or whenever the ProADM is ≥1.5 nmol/l. It represents the high-risk class and requires hospitalization (inpatient treatment) (Figure 1) . All other combinations of CURB65-scores and ProADM values result in CURB65-A class II (Figure 1) , which represents an intermediaterisk, for which short hospitalization for up to 48 hours with subsequent reevaluation is recommended [22] .
In a previously realized prospective observational study named OPTIMA IAarau we analyzed the current disposition practice at the Kantonsspital Aaraufor patients with LRTIs, and assessed the potential of CURB65-A-score assisted disposition [22] . It showed that according to the CURB65-A-score there was a large potential of increasing out patient treatment, as in fact more then 90% of all patients with LRTIs were hospitalized. Further, it identified a great potential to shorten hospitalization, as patients remained hospitalized for a mean of 3.6 days after they had already reached medical stability [22] .
In the current study named OPTIMA I Basel we evaluate the potential of the novel biomarker-enhanced CURB65-A-score in the University Hospital of Basel, and compare it with the locally used rather subjective disposition pathway. We also compare the current data with data from the OPTIMA I Aarau study.
Methods

Research Object
This study is an observational survey to compare the current disposition practice with a novel biomarker-enhanced CURB65-A-score on patients presenting with LRTIs. From September 2010 to December 2011, we enrolled a convenience sample of 85 patients presenting with LRTIs during office hours to the Emergency Department of the University Hospital of Basel. There were no exclusion criteria. Patients were triaged and treated by the physician in charge, who determined the further management without interference by the study team. Site of care was decided according to local guidelines and bed availability.
The local Institutional Review Board (Kantonale Ethik kommissionbeider Basel) classified this study as observational quality surveillance and waived the need for patient informed consent (EKBB 102/10). IJCM stands for "acute", as when needed hospitalization with further diagnostics and medical surveillance. Category "S" stands for "short", e.g. when there is only the need of a short hospitalization with an overnight stay and discharge to home on the following day. Category "G" stands for "geriatric", e.g. when there is the need of intensive nursing care on a dedicated acute geriatric ward, despite medical stability. All other patients who did not need hospitalization or an overnight stay received out patient treatment, which represents the fourth and last treatment site. The decision of treatment site was taken by the physician in charge according to his judgment, local guidelines and in agreement with the patients and their relatives, but without using any clinical score. The CURB65-A-score [9] was not available for the treating physicians, as it was calculated retrospectively by the research team. The remainder of the phlebotomy specimen of each patient taken on admission day was then sent to the Laboratory Department of Kantonsspital Aarau for measurement of ProADM.
Measurement of ProADM
Measurement of ProADM was performed using a sandwich immunoassay with an analytical detection limit of 0.08 nmol/l [22, 23] . The treating physicians had no access to the ProADM values, since these were retrospectively measured.
Inquiring Adverse Events
The CURB65-A-score was calculated as described previously ( Figure 1 ) [21] . Each patient received a phone interview on day 30 after presentation to the emergency department, in order to identify adverse events ( Table 2) . Missing information to calculate the "Selbstpflege index" (SPI = self care index) [24] and the post-acute care discharge score (PACD) [25] was completed at this point as well. Finally, the novel biomarker-enhanced disposition was virtually applied to establish the recommended disposition sites. Low-risk patients (CURB65-A class I) were further categorized regarding the need of nursing supply as determined by the SPI and PACD scores (Figure 1 and Table 3 ).
Endpoints
Primary endpoints were the comparison of treatment site and adverse events of the actual disposition with the novel risk-based biomarker-enhanced disposition criteria in the University Hospital of Basel. Secondary endpoints were the comparison of adverse events between the low risk subgroups of the CURB65-score and the CURB65-A-score. Finally, we compared our findings regarding adverse events and baseline characteristics with those of the precursor OPTIMA I Aarau study [22] .
Definitions
LRTI included community-acquired pneumonia (CAP), acute exacerbation of chronic obstructive pulmonary disease (AECOPD), acute bronchitis and a mixed subgroup called "other diagnoses" including for example pleurisy or exacerbation of asthma. Adverse events were assessed on day 30 after admission day based on phone interviews and medical documentation in the hospital. Adverse events included admission to the intensive care unit (ICU), mechanical ventilation, empyema, adverse reaction to antibiotics, death from LRTI and relapse (Tables 2 and 3).
Overruling Criteria
By meeting at least one of the following medical overruling criteria, inpatient treatment was considered apropriate, even in the setting of a low CURB65-A-score: p 1) Admission to ICU for a) respiratory instability (respiratory rate ≥ 30/min and/or O 2 -saturation < 90% with 6l O 2 /min) or b) hemodynamic instability (systolic blood pressure < 90 mmHg for ≥1 hour, despite adequate volume resuscitationor vasopressor requirement; 2) Imminent death; 3) Complications (abscess, empyema); 4) COPD GOLD class III or IV with O 2 -saturation < 90%, despite 30 minutes of intensive treatment; 5) Acute illness requiring hospitalization independent from LRTI; 6) Comorbidity, e.g. immunodeficiency (neutrophils < 500/ μl; if HIV+: CD 4 < 350/μl, leukemia, lymphoma, myeloma, cytotoxic medications, hemodialysis), pneumonia within last 6 weeks, antibiotics or hospitalization (independent of indication) within 7 days, other significant lung disease (cancer, fibrosis, bronchiectasis, tuberculosis, pulmonary embolism, cavitarylung disease) and 7) Confusion, delirium or intravenous drug use [22] . Furthermore, by meeting any of the following nursing and organizational overruling criteria the patient was also con ganizational overruling criteria the patient was also considered inappropriate for outpatient treatment: 1) SPIIndex < 32 points; 2) Criteria requiring intensive nursing care, e.g. dementia, recurrent falls, decubitus ulcer, inability to reliably take medications; 3) Waiting for nonacute medical care, e.g. holiday bed, rehabilitation, nursing home, home health care; 4) Deficit of mobility or self-care requiring treatment; 5) Other reasons, such as inconvenient timing (weekend, night) and 6) Patients' and relatives' preferences: a) concern about safety at home; b) lack of supporting social network; c) other reasons [22] .
Statistical Analyses
Discrete variables were reported as counts (percentages), continuous variables as means. Chi-square-test and Mood's-Median-test respectively Mann-Whitney-U-test were applied as appropriate. ults were considered Test res Adverse reaction to antibiotics 0 (0%) 0 (0%) 0 (0%) 1 (1.5%) 1 (1.2%)
Sum of adverse events 0 (0%) 0 (0%) 0 (0%) 8 (12.5%) 8 (9.4%)
Non-acute medical institution * (n = 21) (= CURB65-A class I) Risk-based biomarkerenhanced disposition Outpatient (n = 14)
Home health care, health resort, holiday bed (n = 7)
Nurse-led unit (n = 0)
Short hospitalization (n = 32) (=CURB65-A class II) 
Results
Baseline Characteristics
Of the 85 included patients with LRTIs 59 (69.4%) had a CAP, 11 (12.9%) an AECOPD and 6 (7.1%) an acute bronchitis. The remaining 9 (10.6%) patients were diagnosed other diseases (e.g. pleurisy). Mean age of all patients was 70 years, and 56.5% were males ( Table 1) .
The highest mean value of ProADM was observed in the CAP subgroup (1.17 nmol/l), followed by other diagnosis (0.96 nmol/l), AECOPD (0.93 nmol/l) and bronchitis (0.70nmol/l) ( Table 1) . Comparing the ProADM levels of this study with the precursor OPTIMA I Aarau study shows similar values and similar distribution. In general, baseline characteristics, including distribution of coexisting illnesses, was similar in both studies, only age andrate of confusionwere significantly higher in the OP-TIMA I Aarau study ( Table 1) . One reason could be the more consequent inclusion of sicker patients, possibly due to the fact that the principle investigators of both observational studies were located in Aarau.
Adverse Events
The comparison of adverse events within each risk category showed no difference between the current study with the precursor OPTIMA I Aarau study ( Table 2) .
Although not statistically significant there is a visible increase in predictability of adverse events in the new CURB65-A-score compared to the CURB65-score when looking at the equivalent low-risk groups, such as CURB65 class 0 -1 with 2 adverse events (5.4%) and the CURB65-A class I with no adverse event (0%) ( Table  2 ).
In the current disposition at the University Hospital of Basel none of theoutpatients had any adverse event (0%) ( Table 3) . Neither the single patient of category G (=geriatric) nor the patients of category S (=short) hadany adverse event (0%) ( Table 3) . Among the patients of category A (=acute) 3 patients were admitted to the ICU (4.7%), 1 required mechanical ventilation (1.5%), 1 had an empyema (1.5%), 1 had an adverse reaction to antibiotics (1.5%) and 2 developed a relapse (3.1%) (Table 3).
The distribution of adverse events in the new risk categories created by the application of the new riskbased biomarker-enhanced CURB65-A-score would have been as following: none of the patients in the three subgroups of disposition site "non-acute medical institution" had any adverse event (0%) ( Table 3 ). In the intermediate-risk group, where short hospitalization would be recommended, 1 patient would have required mechanical ventilation (3.1%) and 1 would have developed an adverse reaction to antibiotics (3.1%) ( Table 3) . Finally, in the high-risk group for which hospitalization is recommended there would be 3 cases of ICU admission (9.4%), 1 case of empyema (3.1%) and 2 cases of relapse (6.3%) ( Table 3 ).
Disposition Site
The current disposition at the University Hospital of Basel (ASG disposition pathway) led to the following distribution: 11 (12.9%) patients were treated as outpatients, 1 (1.2%) patient belonged to category G (=geriat-ric) and needed treatment in a geriatric hospital, 9 (10.6%) patients had a short hospitalization (category S) and 64 (75.3%) patients were hospitalized (category A) ( Table  3) . The disposition sites obtained by the new risk-based biomarker-enhanced disposition would have been the following: 21 (24.7%) patients would end up in a nonacute medical institution, while14 (16.5%) out of them would be treated as outpatients and 7 (8.2%) in either a home health care, a health resort or in a holiday bed (Table 3). 32 (37.6%) patients would need only a short hospitalization, whereas the other 32 (37.6%) patients would need hospitalization. Further, the new risk-based biomarker-enhanced disposition criteria considered 14 (16.5%) patients suitable for outpatient treatment compared to 11 (12.9%) in the current disposition (p = 0.5) ( Table 3) . It detected 7 (8.2%) patients to be best treated outside the hospital for nursing reasons, while the current disposition detected only 1 (1.2%) patient requiring geriatric care (p = 0.09) ( Table 3) . Most importantly, it shows with only 32 hospitalized patients a significant (p < 0.001) decrease in the number of regular hospitalizations compared to the64hospitalizedpatients in the current ASG disposition pathway, represented in category A (=acute) ( Table 3) .
Limitations
Convenience sample of patients in working hours might have led to selection bias. The low number of enrolled patients is the main limitation of our study. Therefore, it has to be considered a proof-of-concept study for the transfer of a novel triage pathway from one Swiss hospital to another. As a purely observational study, we cannot claim the safety or efficacy, but only the potential for an improved triage, which is being tested in an interventional randomized controlled study at the Medical University Department of the Kantonsspital Aarau at the moment.
Discussion
This study shows that using the new risk-based biomarker-enhanced disposition would have led to significantly fewer hospitalizations than the current disposition system. Both disposition systems are safe, as no adverse event was identified in the "non-acute medical institution" group (=CURB65-A classI) or in the non-hospital groups of the current disposition system(=outpatients and group G) ( Table 3 ). The new risk-based ProADM-enhanced disposition indicates that several patients could be shifted from the acute hospital setting to nursing facilities resulting in a reduction of costs and nosocomial complications. This suggests that the current more subjective disposition systems may provide less confidence for the treating physicians to select outpatient management, even when the medical risk for the patient is low. This suggestionis consistent with our prior observation that unnecessary fear of potential complications even in low-risk patients is one of the major drivers for hospitalization in Switzerland [26] . This is where we see the opportunity of home health care, health resorts or holiday beds thatwould reduce unnecessary and costly hospitalizations in an acute care facility due to LRTIs. In addition to likely economic benefits, a reduction of unnecessary or unnecessarily long hospitalizations has further benefits, especially considering thatprolonged hospitalization leads to increased frailty [6] and to a higher risk for nosocomial infections [6] . Since the use of ProADM increases the prognostic accuracy of clinical scores for mortality and severe adverse events [19] [20] [21] , it enables the CUR B65-A-score to be superior to the common CURB65-score as previously shown [21] and indicated in this study) ( Table 2 ). An advantage of this novel risk-based biomarker-enhanced disposition compared to clinical scores alone, as for example the pneumonia severity index (PSI), is that it also takes into consideration functional and biopsychosocial factors by using appropriate scores (PACD and SPI) in addition to comorbid illnesses and a set of predefined overruling criteria. This is of
